PISTON TEMPERATURE 
MEASUREMENT AND PISTON 
DESIGN INVESTIGATION 
ON A C. F. R. ENGINE 



BY 

N, O. WITTMANN 
J. H. SMITH, JR. 



Mr 









I 




» . 

C- 

I? 



7? 



* ! 




*»' I'll 





■:S 



p 






«* 



■ -- 



j 





















r 

N. 

O 

CO 



c: I J 



I 




f X * 

• ^ 41V 






I 



▼ 









:e 




’:-'P 

k' 



t 






1 



I 



f 



I 



A 




I 



I 

\ 



I 

I 



I 






I 

I 

f 

I 

I 




I 









I 



u 



Tl&HOli I’-Mx'-rLs.xVxU^ i6x..ujUi.uiiuj;*;*i‘ 

PISIWN DJoIGJ IWjiiTIGATIOli 
UN ^ c.F.A, jiftu-iii:: 

% 

Lt, CJoa. Ti,0 . Jiittnajm (USi'I) 
and 

Lt. Coni. J.H.Sinith, Jr. (UdN) 

Sulaaittod in Partial Fulfillaent of the 
Kcquiresaents for the I>»£:re® of 

MiG3fSt OF SJIdlJC/. 

froEi the 

Massachusotts Institute of Technology 
Juno 1946 



^ eS I -S 

W toSr 



limifAUilcd^TkA I ^!jb^ MifftSlU 



U^o> autf^tv.cv.l .tf0U 



XkS# 

,fT .X .■XI'' .i»*i 






:JkUiiC. tu jin!iu**K 



^ soft 

t»«XoaMT 1» -iVntrnA %ttnmtdi»tmt** 

fi^X 



Cambridge, Massaciiusotts 
June 1, 1946 



iTofesaor G. W. iSv/ett 
Gccrotary of tho Facility, 
MassacliuGOtta Institute of Technology 
Caabridgo , :i.'assGChusotts , 



Dear Professor Sv/ett: 

We subnit herev.dth, a thesis entitled "Piston 
Tenpornturo Ileasarenent and Piston Design Inrostigation 
on a C.F.R* Sngine" . 

This thesis is subnitted in partial fulfillrient of 
the roquireiaents for the degi'ee of Master of Science in 
Aeronautical Anoineering, 




Respectfully subaiittod 







I 

■ 



3 



A0i2J0 .LJDGILIIJT 



’She investigation reported in this thesis was con- 
ducted in the Sloan Autoaotivo Laboratory, Massachusetts 
Institute of Technology j over the period March 1, 19<;6 
to luno 1, 1946, 

Acknovyledgneat of, and appreciation for, assistsnee 
in this thesis is given to the following courcos: 
Professor A. Loary (M.I.T. Staff) 

Pratt and Whitney Aircraft, Past Hartford, Conn. 

Mr. J, C. Livengood (M.I.T. Staff) 

Mr. P. Gugger ” 

The mechanics and assistants of the Sloan Laboratory. 
Any opinons or statements contained herein represent 
the private vicv/s of the authors, and are not to be con- 
strued as official or in any sense reflecting those of 
the Havy and the naVvUl service. 



FRJLFA02 



Tkc pur|)oaes,of tiiio iavostifeation were wofold: 

1. lo consti'uct a saticfactoiy arranssnont for Wie 
laeanureiioiit of piston crovni teripcraturc in a 
G. R. Casino, 

To dotermino the effect of piston crov/u deoi£*n 
on piston teaperaturo , \/ith and without a forced 
system of coolinG oil the inside of the piston* 

!Hig subject was chosen for its particular interest 
to the autiiors in viow of the considerable amount of pis- 
ton "scouring" in present day engines of higla speod and 
power. So much time has been spent on cylinder head dc- 
sicn and so relatively litblc on interior piston design 
that it \;as thought edTisablo to attempt to find some of 
the trends occurring with changes in the design of the 
piston crown interior, and to note the effect of changes 
in some engine operating variables on piston crovm tcrap- 
oratures. 

T. Xammoto and H» Na'camura {"Sffect of Changes in 
Design and Operating Conditions on Cooling" 1935) 

attempted to measure piston temperatures on n C.F.h, eng- 
ine and note the chonge of piston temperature witxi changes 
in orovm t-hicJoieso 



but were not hi{J;ily successful due to 
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neclianical difficulties, 'fiiey ciado no atterapt to inveoti- 
Gate tlie of foot on piston temperature of ciianses in in- 
terior piston crown design. 
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A wttMid af Be&SBxlng platan taopar&tara on n C*F»R» engiae aadar 
oparating aondltlcns was carria^ throngk idth tlia foUaaLng xwsalts 
notadi 

1« Tha aathad of piston tesparatura xeasuraaaata pravad rexj 
satlsfaatory* 

2* finning on tha inside af tha piston arona aansas the pistaa 
to ran hotter than with mo finning* 

3* A straam af ail wdar praasoro appUad ta tha mdar sida of 
the pistmi aroma lowers tks piston tw^parstmto eonsidarably^ 
and is xosh wore affactira an a piston idth deep fins an 
tha insida of tha crown than on one with no flsa* 
li« PLstaa tcaparatures tend to imcraasa with an ineraasa of 
angime spaad« 

5* platan tasperatwras tend ta iacreasa with an incraase of 
watcn* Jeehat te^>aiatwra» 

6* Fiaton tenparatwraa are highest ms the fwal air rmtia ip<~ 
praachae that of best power, and drop off rapidly as tha 
aixtnra is cada leaner ar richer then thia walne* 

7« lalat taeparatura has Httle affeat oa piston taaiparatiaa* 

S« Imdioatlana on one rm texdad ta shew that "blow hy”, 

cansad by daamged piston rings, oais^iad piston tawparatwras 
to be higher ontil rings ware *wem ln<^, indicmtlBg that 
a portion of the heat trimarar from the piston goes ta tha 
cylliider walls via tha rings* 
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There is a considerable amount of Investigation to be done in this 
field and it provides an excellent opportunity for future students to 
study ether phases of this subject* The xerking system has already been 
constructed, they need only investigate* ^ 

All tests irere made in the Sloan Automotive Laboratory of the 
Massachusetts Lastitute of Technology by Lt* Com* M* 0* Wittmann, USX, 
md Lt. Com. J* B. Smith, Jr*, USX, under the direction of Prof* ¥. A. 
Leary of the school staff* 
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PISTOI TiMPBRATURE MEASCHIXEirr AID PISTOH DSSIGH II7ISTIGATI0I 

OH A C.F.B. EHOIIi:. 

IHTRODOCTIOI J 

Although there here been investigations mdo on piston t^aaperatures, 
there has been little successful ifork almig these lines attwipted in this 
laboratory* This project has been a necessarily hastened attempt to get 
some satisfactory results from the measurement of piston teapcratuie in a 
standard C*7>R* engine under operating conditions* 

Briefly, the objects of this project were: 

1. To set up a satisfactory syst^ of measuring piston te^era- 
tures in a C*F*R« engine under operating conditions. 

2* To measure the piston head tempera tvtre of three different 
t]?pes of pistoris and note how their designs affected cooling. 

3* To determine the cooling effect of a stream of oil on the 
lower side of the crown of each piston. 

U* To determins the effect on piston temperatxiro of changes in 
some of the engine operating variables* 

All tests were made in the Sloan Automotive Laboratory ef the 
Ibissachusetts Institute of Technology by Lt* Com* V* 0* Httnann, tJSN, and 
Lt* Cob. 4 , H. Smith, Jr*, DSH, under the direction of Prof* Tf* A* Leary 
of the school staff. 
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A standard C.P.R. single cjliader, mter cooled, rarlaibl® coj^ression 
ratio engine ei' 3*25 ineh here and inck stroke ims used. (Jlgurea 1 
and 2.) 

The fuel air ialet systMi consieted of a piiff tank and a Taporising 
tank, the te2g>erature of ehich eaa controlled by any deairod ooabination 
of a tea* or cold water. The air supply cans direct^jr froa the atwjsphere 
through a measuring orifice. The pressure differenUal across the orifice 
was measured with a standard aanosaeter, enabling the air flew t® be com- 
puted exactly at all engine speeds and conditions. The feel was netered 
through a calibrated rotometer atoich allowed any desired feel air ratio 
to be set and held constant* 

The exhaust system led through a puff tank areund ehich cold eater 

circulated. The exhaust pressure remained essentially constant at atmos- 
pheric pressure. 

The spark eas controlled by a breaker mechanism coiqiled directly to 
the crankshaft in order t® hold a constant spark adrance* 

The cylinder jacket was water cooled and the tesperature of the jacket 
could be maintained as desired by proper actaittance of cold water or steam. 

The poser gsmerated by the engine iras absorbed by a dynamometer of 
the conrentieaal cradle type. The speed could be accurately controlled by 

means of a uariable field coil, tachometer, and strobetac operating on a 
60 cycle frequency. 

The engine oil tesperature could be raried by the proper regulation 
of steam and cold water to the oil heat exchanger. 

The three pistons used were essentially standard C.F.S. pistons with 
variations in design of the inside of the croun. All the pistons had the 
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same cronn thickness and the same ring arrangement. -> 

The first piston (termed the "plain piston") -was a standard cast 
C.F.R. piston with no machining on the inside (Figures 3 and U)* 

The second piston (termed the "ribbed piston") was a special cast- 
ing with a grilled ribbing on the inside of the crown (Figure 5). 

The third piston (termed the "finned piston") was another special 
casting with the deepest possible fins cast on the inside of the crown 
(Figures 6 and ?)• 

The iron constantan thermocouples were installed at a distance of 
1/32 inch from the top of the piston and in the same relative position 
from the center of the piston, 3/8 inch from the center, laterally. The 
iron and constantan loads were brought down Inside the piston to iron 
and constantan buttons on the lower edge of the piston skirt. These 
leads were held in place by small wire loops through drilled "V" holes 
in the piston wall. The thermocovplos wore installed in drilled holes 
aiproximately 1/32 inch in diameter, and were held' in place with dental 
cement. The iron and constantan buttons in the edge of the piston skirt 
were installed in laicarta blocks which were shrunk fit into drilled holes 
in the piston skirt. The entire system, except the actual faces of the 
contact points, was given several coatings of glyptol (figures 3» 5 and 6). 

The take off switch was mounted on a bracket and plate which was at- 
tached to the side of the crankcase after removal of one of the crankcase 
side plates. Elongated holes in the plate allowed for up and down adjiist- 
ment to get proper contact of switch points with the contact points on the 
piston skirt. 

The switches were constructed from magneto breaker points that Trere 
modified to give desired results. One switch required the addition of a 
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constantsn button to nbleh « eonstaatun load idi** aas direetL; soldered. 
The other sidteh had an iron button attached to tbs spring, frtm ahlch an 
iron airs aaa led« Both aidtches weire insalated from each other and the 
bracket b^ bakelite* The ahole aaseid>l 7 aas cerered alth sereral coatings 
of glyptol (liguro 8). The snitches could b© adjusted laterally and var~ 
tically by set screws to aatch the pist<m sklzd; eontaets and to contact 
siaultanaotisly. 

The iron and coastantan l^ds were covered with plastic tubing and 
glyptol, to prevent entrance of moisture. They were led out through the 
switch plate to a direct reading Leeds and Northrt^ type potentloiseter. 
The potentiometer was eqxiipped with a special sensitive type of galvano- 
meter with the following characteristles : 

Resistance 17 ohms 

Period 5 seconds 

Swisitivity 0.66 a/MK 

The potentiometer was located far enough from the engine te be free of 
all vibrations. 

The oil streas for use on the under side of the piston was taken 
directly from the electrically driven engine oil puap, through the con- 
tact bracket plate, and into a nozale formed fro* a pioee of copper 
tubing* oil was supplied at a rate of 17 lbs* per adnute. 
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PROCEDURE 



ill nms vere Bade by settlag the engine xsp at the desired ranning 
eonditioa; loosening the take off switch bracket cap screws^ raising the 
contact points until contact was evidenced on the potentiometer and then 
setting the contacts up approzlBately »02 inches further* It was found 
that this setting gave the most conslsttmit results* 

For each of the three pistons, the following runs were aad«t 
1* Variation of water jacket tee?>eratara (90°F, 150°P> 210®?) for 
each of three different engine speeds (800, 1000 and 1200 ipms)* 

2* Same runa aa above, bat with a continuous strean of oil on the 
tmder side ef the piston crown* 

3* For the grilled piston, the following additional runs were 

Bade: 



Dnless otherwise noted, the engine operating variables were kept 
at the following vainest 



(a) Variation ef fuel air ratio* 

(b) Variation ef fuel air inlet teaperatare* 



Water jacket tesperature 



Crankcase oil teiperature 



Inlet teeperature 



Ti 150®P 
\ 150®F 

90°T 



Fuel air ratio 



Engine fuel pressure 



Engine oil pressure 



Po 50 #/in.^ 
Pjp. 10*7 #/in.^ 
F .08 
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RESULTS AMD DISCUSSIOK 

A tftbTilation of the results obtained for this project is giren in 
Tables I, U and III* 

This arrangeaent for tbs Exsasureaent of piston teaperaturea aeaaed 
to be entirely satisfactory. Mo part of the systea garo aechanical 
trouble and (Mice the arrangement eas set up, no particular difficulty 
in aeasuring ti» temperature eas encountered* All runs unsre checked as 
Many tixes as possible and in all cases the resxxlts were in excellent 
agreement. 

Contraxy to uhat had been anticipated, the plain piston ran cooler 
than the ribbed piston, and the latter cooler than the finned piston. 

In Fig* 9 the effect of changes in engine speed «n piston taaperature 
can be seen. There is a general rise in pisten temperature when engine 
spe^ is increased, with all other engine operating conditlona held 
constant. It can be seen that the finned piston ran the hottest* Just 
wi^ this is so is not definitely known, although it is suspected that 
the deep fins retard air direulation ar.d oil splashing ok the under side 
of the piston crown and thus wore heat is retained by the crown, causing 
higher tesperatiires. Sose of the difference in tenperature may be due 
to the additional amount of piston Material abore the piston pin bosses 
in the plain piston, causing aore heat to be carried away through this 
path, and consequently giriag better coeling of tha piston. Howerer, 
the fact that the finned piston runs hotter than the ribbed piston of 
siMilar design and weight tends to discouat this theory. 

The forced systasi of carrying h^t away proves vary effoetlve in all 
cases, and particularly so in the case of the finned piston* The final 
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result is not as sncouragirig as sas to be expected since the finned piston 
ran such hotter before the oil strean mis applied* Howerer^ there are in~ 
dioations that soao eonhizuitiwi of deep finning plus forced heat rsaoral 
■aj hare possibilities in lowering the piston croen tea^erature and pre~ 
TMitifig scouring of pistoxus at present day high engine speeds and peeer. 

Fig* 10 and Fig. 11 are repetitions of Jig* 9 at highar eater jacket 
ten|>eratTire and show the saae trends* 

figs* 12 y 13 and lit show the wariatlon of piston teoperatmre eith 
change in water jaeket tesaperature at 800, 1000 and 1200 zpee recpectively* 
/Lgain, the finned piston runs hot and the plain piston cooler, until a 
forced oil stress is added and th«r the teoperature treads sre rerersed* 

In gtfieral, the piston teeperatures Increase elth increase In eater jacket 
teiperature, bub the rate of increase is lowered as piston tea^erature is 
loeered* 

Fig* 15 shoes the effect of changes in fuel air ratio and inlet tem- 
perature on plsten tes|}erature« At Tory lean fuel air ratios, piston 
taciperatures are low, but build up rapidly with an increase in fuel air 
ratio until appiroximately best power fuel air ratio Is reached, at which 
point the teaperaturee reach their maxiBnun, then drop off rapidly with 
further exirichening of fuel air ratio. 

Changes of inlet t«aperature within the range of this setup gars 
little change in piston tenperature. 

Jig* 16 was an accidental occurrence that might well be Inrestlgated 
by future students* When the engine ibis started with new rings on the 
piston, "blow by" was indicated by a considerable anounb of smoke coadi^ 
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through the cranJcoeee breather pipe* ULxo, piston tMsperatures were 
considerably higher than on all provlons mns starting under the sa»o 
conditions bat with no apparent "blow by"* As the time after startiag 
Inoreasedj the esadkm gradually decreased and piston te^eratures lowered, 
after about six hours of running, the tei^eraturee were constant 
and agreed with previous runs; and the seeke froan. the breather eeased* 

It is thought that these new rings aay have been scratched or were in 
sea» other way irregular, allowing "blow by" until they were properly 
"wem in"* The "blow by" prevented the usual aatoant of heat transfer 
between the piston, piston ring, and cylinder walls, and caused higher 
piston tf^peratures until the point was reached where the rings were 
"worn in", no "blow by" occxured, and aormal heat transfer to the cylin- 
der walls took place* 

It is suggested that farther investigation along these lines oonld 
profitably be Bade by future students* The actual set-sp is now coa- 
plefced and another group would not liave to spend a considersbla portion 
of their liJsLted tine in repeating what has already been accoapliahed, 
and could devote all of their tiae to sore thorough and eowplete investi- 
gation of actual piston designs* It is further suggested that the plain 
piston should be machined cm the under side of the crown te the same 
dHaensions as the other two pistons and that perhaps another piston with 
slightly shorter fins could bo investigated* Other subjects for investi- 
gation would be the use of a streaw ef cemprassed air on the under si(te 
of the piston crown, and a check «a the affects of “blow by" on pistes 
teiperatures* 
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boJGLi;i3IOxJ3 .JO IiJC0ri.^IO.^l’IUl'J3 

TiiG follov/ii^ conclusions were arrived at as the 
result of this investigation: 

1. The method of piston temperature measurement 
used proved very satisfactory. 

2. Finning on the inside of the Jston crovm causes 
the piston to run hotter than vfith no finninL,. 

3. ii streajn of oil under pressure applied to the 
under side of the piston crovm lovers the piston 
tompcrature considerably, and is much more 
effective on a piston v;ith deep fins on the inside 
of the crovm than on one v;ith no fins. 

4:. Piston temperatures tend to increase with an in- 
crease of eni^ine speed. 

5. Piston ter peratures tend to increase with an in- 
crease of water jac'cet temperature . 

G. Piston temperatures are higli-est as the fuel air 
ratio approaches that of best power, and drop 
off rapidly as the mixture is mace leaner or 
richer than this value, 

7. Inlet temperature has little effect on piston 
temperature . 
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a. Indications on one rtin tended to show that 

"blow by”, caused by daraaged piston rings caused 
piston temporatures to be higher until rings 
were "worn in” , indicating that a portion of 
the heat transfer from the piston goes to the 
cylinder v/alls via the ringvS, 

The following recomendations are nade as suggest- 
ions for future study; 

1. Kore intensive investigation of the three piston 
designs used for this project, with the "plain 
piston" machined under the crovm to the vmll 
diiionsions of the other ijistons. 

2. Investigation of pistons of other designs, 
particularly with fin length between that of 
the "ribbed piston” and that of the finned 
piston. 

3. Investigation of tho use of compressed air on 
the under side of the iston erov/n to produce 
forced cooling", 

4. Investigation of the effects of "blow by" on 
piston tenporature, 

5. Investigation of the heat flo- through the 
piston cro\m by puttini^,. a nunbor of thermocouples 
in the crown and upper r-n^. '-lands”. 
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